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Aquest projecte desenvolupa el disseny d’un banc de test per a manocontactes per 
l’automoció, també anomenats pressostats o interruptors de pressió. 
El banc de test dissenyat és capaç de comprovar la pressió exacta d’actuació de 
l’interruptor,  determinar si és OK o NO OK, regular-los (els que estiguin dissenyats amb 
opció de regulació) i fer una comprovació de fugues. També té una estació per a 
comprovar l’alçada de la rosca d’aquests sensors, que és una part imprescindible per al 
seu bon funcionament , donat que no es comprova amb anterioritat durant el procés de 
muntatge. 
Al tractar-se d’una màquina per on han de passar una família molt extensa, desigual 
geomètricament i amb pressions d’actuació molt diferents (des de els 0,05 bars [relatius] 
fins als 16 bars [relatius]), s’han fet servir aparells de gran precisió (controlador de pressió, 
multiplicador...), un PLC per al control (targeta de NATIONAL INSTRUMENTS) i un PC per 
a emmagatzemar totes les dades necessàries del test (Base de dades). 
El principal objectiu de la màquina és la producció de manocontactes, que puguin realitzar 
una comprovació i una calibració ràpida i molt fiable, tot emmagatzemant les dades per 
tenir un bon control de la qualitat. 
El disseny de la màquina esta pensat per a la producció; per a cicles de treball el més 
ràpid possible i amb el major número de peces possible. També es factible el poder 
utilitzar la màquina per a assajos llargs (assajos de vida, d’un cert número de cicles 
establert...) o per a investigacions o garanties i controls de qualitat. Per aquestes raons la 
màquina s’ha dissenyat de la manera més senzilla possible i amb una gran rapidesa de 
canvi d’utillatges (SMED = Single Minute Exchange of Die). 
El banc el podem dividir en 3 grans blocs: l’estructura, l’estació de comprovació de la rosca 
i el mòdul de comprovació/regulació de la pressió. Aquest últim es el més complexa i el 
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This project develops the design of a test for pressure switch, also called pressostats or 
mano-contacts. 
The test bench designed is able to check the exact pressure action of switch, whether it is 
OK or not OK. It is able to regulate them (those that are designed with the regulation 
option) and it is able to perform a leak test. It has also a station for checking the thread 
height of these sensors, which is an essential part for its smooth operation, since it is not 
checked earlier during the assembly process. 
This is a machine where a very large family of sensors have to being tested, geometrically 
variable and with very different pressures action, (from the 0.05 bars [relating] to 16 bars 
[relating]) we have used high precision devices (pressure controller, multiplier...), a PLC for 
controlling and a PC for storing all necessary data of the test (Database). 
The machine’s main purpose is producing pressure switches that could be checked and 
calibrated in a quickly and very reliable manner, storing at the same time the data to have a 
good quality control. 
The design of the machine is intended for the production; for working cycles as quickly as 
possible and with the greatest possible number of pieces. It is also feasible using the 
machine for long tests (life tests, with a certain number of cycles set...) or for research, 
guarantees and quality control. Therefore the machine has been designed in the easiest 
possible way and with a quickly tooling replacement. (SMED) 
The work bench can be divided into three main areas: the structure, the thread control 
station and the pressure adjustment module. The latter is the most complex and the one 
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Mano-contact: Pressure sensor for automotive industry. Also called pressostats or pressure switch. 
The pressure switch is use for opening or closing the oil circuits of the vehicles, using the pressure of 
these fluids. 
NO Circuit (Normally Open): Terminology for electrical circuits representation, where the switch rest 
position is opened position. 
NC Circuit (Normally Closed): Terminology for electrical circuits representation, where the switch rest 
position is closed position. 
 
 




NC Circuit with 1 terminal and 
grounding  
NC Circuit with 2 terminals. 
 
NO Circuit with one terminal and 
grounding  
NO Circuit with 2 terminals.  
 
NO Circuit with 2 terminals and 
grounding.  
NC Circuit with 2 terminals and 
grounding. 
 
Double circuit, one with 2 
terminals NO and the other with 1 
terminal NC and grounding.  
Double circuit with one common 
terminal. First circuit: 2 terminals NO. 





Table [0.1] _ Different electric circuits table 
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o Thread terminology 
 
 
M10x1 M10x1 conic M10x1,25 M10x1,5 
M12x1.5 M12x1.5 conic M12x1.75 M14x1.5 
14x1.5 BSP M16X1.25 M16X1.5 M16X1.5 conic 
M18x1.5 3/8”x18h NPTF 3/8”x20h BSF 1/2”X20h UNF 
1/4" Gas 19h conic 1/4”x18h NPTF 1/8”x27h NPTF 1/8”x28h BSF 
 
We could find metric threads (indicated with an M) and American thread on inch. The threads are 
formed so that the first numbers on the left give the diameter's nominal value (metric type expressed in 
mm and if we find the symbol of ["] after the number, it is expressed in inch). The second number 
expressed is the thread pitch (it could be with the letter "H", which means an American thread pitch). 
After the second number, some threads have represented by some letters (UNF, NPTF), it indicates a 
specific kind of thread, giving more information about the thread (it could be conical, with the thread 
pitch angle different (angle de filet), with specifics settings, etc). 
 
o Measuring units:  
The pressures indicated in this document are expressed in bars (bar), both in absolute values (ABS) as 
well as relative values (REL). Our 0 bars, symbolize the atmospheric pressure. The other units of the 




The most units used: Conversion factors: 
Measure Unit 
Time Seconds [s] 
Pressure 
bar o bars [bar] 
[Kg/cm2] 
 
From [kg/cm2] to [bar] 0,98066470 
From [psi] to [bar] 0,06894757 
* To pass from the obtained unit to bars, the factor must be multiplied. 
 
 
Table [0.2] _ Classification thread’s table 
Table [0.3] _ Table’s measuring units and conversion factors 
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o Legend of the machine’s pneumatic components.  
 
 
   
   
   
Table [0.4] _ Legend’s table of some pneumatic elements 




The project is focused on a machine that must carry out some conditions and objectives required by 
the company. It is necessary to mention that the machine will be totally new, but it also has to supply 
the needs of the current work bench, which has become obsolete. 
1.1. Project origin 
The idea of carrying out project was issued from my current job, because the company required me to 
design a machine for the testing and calibration of the pressure switches. 
This type of sensors are designed, manufactured and assembled at the company where I work. Since 
the last time we had to design pressure switches for some important customers, with a high-volume 
demand, we saw the necessity of creating a machine able to meet our needs. Due to this high-volume 
demand and the requirements of new pressure switches designs, the need of creating a new machine 
to cope with all these requests has been confirmed. 
A part of my job in FAE (Company name) is the creation of these kind of sensors (the product). For this 
reason, the challenge of designing the machine was motivating and suitable, because it is essential on 
the sensor production process. 
1.2. Motivation 
The motivation to carry out this Degree project comes from the broad experience I have with this kind 
of sensors and also from the possibility of using this machine after being manufactured. 
The biggest advantage that designing a machine like this has that I have improved my knowledge and 
my skills. It also has allowed me to get out of my strictly mechanical fields, by designing a machine with 
pneumatics and hydraulics components (for high pressure although the fluid is air), as well as making 
the pneumatic and electrical diagrams and the graphics for the machine production (the last two with 
the cooperation of the electrical engineer). 
The responsibility of designing a machine like this, with the volume, the budget, the complexity and the 
importance for the company, generates a great motivation.  
1.3. Preconditions 
We have made a detailed study of the machine that is currently in the production department for the 
testing /adjustment of these sensors. We have done a brainstorming with the different departments  
(engineering, production, quality and methods and time) that can contribute to the preservation of the 
machine strengths and improving the weakness, achieving also the objectives and conditions imposed 
by the new design. 




2.1. Project objectives 
This project is focused on a test bench design for testing and/or adjusting the pressure switches in 
order to verify its correct operation before being sold in the market. 
The test bench must be able to meet the production requirements and all the product range. Moreover, 
it must be able to detect the pieces OK or NOT OK and make a leakage test. 
The company's goal is to produce a machine that would improve the cycle time per piece and the 
measuring accuracy compared to the current method. The lack of precision, the slowness of the time 
cycle, the human error, the lack of testing on the process, the high demand and the no information 
generated when testing and calibrating the sensors have produced the requirement of making a 
machine able to achieve all these objectives. 
Personally, my main goal is to make a simple and effective design of the machine, by improving and 
meeting the company's goals, as well as learning and acquiring new technical knowledge related to the 
hydraulic, pneumatic, electricity and machinery design. 
Finally, another objective is to produce a versatile machine in order to be easily adjusted to the future 
requirements, in terms of pieces types or different sizing methods, so the machine would be easily 
adapted to the production of new and simple devices and would also carry on working and developing. 
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2.2. Project scope 
The mechanical and pneumatic elements as well as the security systems and the market components 
related to the test bench are part of this project. The pneumatic schemes for the machine assembly 
and  its budget are also included on the project. The selection of components as well as the previous 
study and the test bench regulation study are also included. 
Finally, the following elements are included on the project: the design, the improvement demo 
compared to the current machine, the economical process improvement and the new test bench’s 
amortization.  
It is of no concern to this project the National Instruments card programming (such as a PLC) and the 
PC programming with LabView. It is not part of this project neither the electrical diagrams for the 
machine operation nor the calculations related to the structure or other mechanical elements, however 
it is part of this the viability and the forces withstand demo. 
The study of the systems where the pressure switchers are applied to the vehicles, as well as the data 
obtained on the production test are not included in this project scope. 
The documents that define this project are the memory, the annexes, the drawings, the specifications 
and the budget. 
On the memory are described the previous machine studies, the viability and improvement studies, the 
starting data and the requirements for doing the test bench design, as well as the proposed solution. 
On the drawings and schemes section are included all the drawings and required documents of the 
pieces, subsets and assemblies needed for machine's production and construction. 
On the budget are defined the components costs: purchased, produced or manufactured, as well as 
the machine assembly and its final cost, including the design, assembly and programming hours cost. 
The amortization data and the process cost improvement compared to the current one are also 
included. 
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3. Previous study 
For the execution of the test bench, several studies have been made, beginning for the company's 
requirements, the study of the current machine and the viability study of the machine. 
In order to consider the project, first of all it is important to understand the operation of the sensors to 
being tested and the different main parts that are composed. At the same time, we will show a variety 
of all the sensors that have to being tested on the new machine. We will also get important details or 
common features, in order to process the different references in blocs and not in unit sections. A very 
important point to consider is the annual purchase of each reference or family, in order to give them 
more or less importance. 
Immediately, we must exhaustively study the "machine" that is currently used in the production 
department to test these sensors, having as a main idea what are the advantages to keep in the new 
work bench and the disadvantages to correct and improve in the new machine. 
Finally, we will make a pre-design of the machine, where the main ideas are reflected and where we 
can start making a viability and improvement study of the current bench. Reaching this point, it is 
moment to make decisions and promote the concepts acquired on the previous sections in order to 
make a useful, effective, efficient and simple machine. 
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Figure [3.1] _ FAE Pressure switch Figure [3.2] _ Pressure switch assembly picture 
3.1. Description for sensors to being tested (pressure switch) 
A mano-contact sensor is a pressure switch or pressostats that opens or closes the electrical circuit of 
the vehicle. 
Usually, the sensors are installed in the oil circuit of the vehicles, which is very important in order to 
have controlled the pressure of the oil to keep the suitable thickness for the lubrication in each point. 
 
        
 
 
The pressure switches are pieces dimensionally small. Usually, these pieces have a metal structure 
part (usually steel F-211 with an iridescent zinc treatment) and the other part is a connector/ insulator 
with 1 or 2 connecting pins (it may be more). 
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Figure [3.3] _ FAE mano-contact section. 
 RED: bottom chamber; GREEN: top chamber; 
 BLUE: Insulating membrane. 
 
Inside the sensors, 2 chambers are clearly differentiated; the bottom chamber where the pressure to 
read is received; and the top chamber where is located the electrical circuit. 
All that is separated by an insulating and sealing membrane that at the same time push to the top for 
moving and operating the circuit. 
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3.2. Sensor classification 
In the company, all the references are classified and separated into different families. Each reference 
indicates the kind of sensor. That is, FAE creates the references of its products with 5 digits: the first 
one (from left), indicates the main family; the second one, indicates the family group; the last three 
digits are an auto number (type n+1) as new products are being designed. There are cases where the 
references have seven digits, which the first five digits are the same as explained before and the last 
two, mean that the references have been created specially for a customer, with a specific variation. 
The following family sensors will be tested on the new machine: 
• Pressure switch family: 10xxx, 11xxx, 12xxx, 13xxx, 16xxx, 17xxx y 18xxx. 
• Hydraulic switches: 21210 y 22080. 
• Pneumatic switches: 26xxx, 27xxx y 28xxx. 
• Reversing light switches: 41120 i 4130102 
* The complete list and the details could be checked in the annexes of this document (in annex I. List of 
parts). 
The same testing procedure is carried out for mano-contacts, hydraulic switches or pneumatic 
switches.  
3.2.1.  Classification sensors features 
All sensors mentioned above, which should be tested on the machine, have certain features in 
common that should be considered to make the new design. We have selected the following: 
*A variety of all the references and its own features could be checked in the annex I. List of parts.  
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• Pneumatic fixtures 




M10x1 M10x1 conic M10x1,25 M10x1,5 
M12x1.5 M12x1.5 conic M12x1.75 M14x1.5 
14x1.5 BSP M16X1.25 M16X1.5 M16X1.5 conic 
M18x1.5 3/8”x18h NPTF 3/8”x20h BSF 1/2"X20h UNF 
1/4” Gas 19h conic 1/4”x18h NPTF 1/8”x27h NPTF 1/8”x28h BSF 
 
• Electrical circuit diagrams 
The electrical circuit diagrams change according to the piece and the original state or its type operation. 
There are pieces with one terminal where the own body(hexagonal) makes the ground contact, as well 
as, there are references with two terminals with different electrical circuit combinations. 
There are mainly two action types: Normally Open (example on diagram “D”) or Normally Closed 
(example on diagram “A”) 
 
 
Electrical circuit diagrams 
A B C D 
    
E F G H 
    
 
Table [3.2] _ Electrical circuit diagram’s table 
Table [3.1] _ Classification thread’s table 
 TEST BENCH FOR PRESSURE SWITCH           Page 17 
 
 
• Electrical connections: 
In order to connect the circuit electrically, each sensor has a connector where we can find different 
forms, sizes and colours. It also depends on the number of pins or terminals. 
 
 
A B C D E F 
      
G H I J K L1 
      
L2 L3 L4 L5 L6 M 
      
N1 N2 N3 O P Q1 
     
 
Q2 Q3 Q4 R S T 
  
    
U V W X Y Z 
 
 
   
 
Table [3.3] _ Electrical connections table (connectors) 
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3.2.2.  List of references and families to being tested 
In order to start making an initial study of the design, it should be clear what products or references 
have to be tested on the machine and classify them according to our needs. 
In this case, the machine must be able to test 186 different references where we can find different 
families, while over 95% are mano-contacts. Once, we have marked all the references, it is time to 
classify and divide them indicating the common features according to the common parts they share. 
For example, we know that the vast majority have thread, what is an important feature to keep in mind 
in order to classify the different types of thread. 
We have selected several main points of the list of references to being tested.  We have made a table 
in order to filter each point and be able to start doing the initial design. On the previous section, we 
have already mentioned different main points to consider and classify the references, such as the 
thread type, the electrical circuit diagram or the connection type. 










Product	   Thread	   Connection	   Diagram	   Adjustment	   Test	  
10020	   0,25	   0,25	   0,5	   Pressure	  switch	   10x1	   B	   A	   no	   yes	  
10060	   0,40	   0,25	   0,5	   Pressure	  switch	   10x1	  con.	   B	   A	   no	   yes	  
10160	   0,25	   0,20	   0,4	   Pressure	  switch	   10x1,5	   B	   A	   no	   yes	  
 
* A variety of all the references and its own features could be checked in the annex I. List of parts. 
  
Table [3.4] _ Table with examples of references to being tested 
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Figure [3.4] _ Current test bench. 
3.3. Current workbench’s description 
Currently, we use a test bench totally manual and with analogues and visual measuring devices for the 
test and the adjustment of the sensors. This fact implies a very slow cycle time and excessive 




As we can appreciate on the figure [3.4], the current bench is old and obsolete. On the left side of the 
picture, there is a lever that is operated by the worker to increase the pressure for doing the test. This 
operation is manual and it is neither regular nor stable. It means that, if the worker operates the lever to 
the half of its length, it doesn't mean that the pressure will increase until the middle of the manometer. 
On the other hand, both uplink and downlink pressure is not linear, especially with pressures up to 6,7 
relative bars, that is the result of the line. Therefore, we should use a multiplier. The multiplier has not 
installed a header, so, it has not a motor/force that generates a steady stream of pressure and then it 
fluctuates. That is why the worker has to control it by regulating the lever. 
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Figure [3.5] _ Current bench’s manometers 
The pressure is controlled visually through two analogue manometers that you can appreciate on the 
picture below. The manometers are changed according to the scale required by the sensor to be 




As we can appreciate on the figure [3.5], The upper and lower tolerances are indicated with a marker, 
so that the worker will know with which values could test/calibrate the sensor. During this process, 
some worker appreciation mistakes can happen, because we could never adjust the pieces to the 
tolerances. Therefore, we could consider as a Not OK some pieces that could be OK and vice versa. 
The red light of the same picture is a light that simulates the contact of the sensor. With this action, we 
could know if the circuit of the pressure switch is normally open or normally closed, and we can also 
check at what pressure there is the sensor changing state. 
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Fiigure [3.6] _ Current test bench’s closing system 
This test bench's main part is the closing and action System figure [3.6]. It consists in a small cylinder 
externally threaded. On the top, it has a cavity to harbour the gasket responsible for doing the tightness 
between the system and the sensor. The gasket could be interchangeable depending on the thread of 




The cylinder is regulated on the height, by threading or unscrewing it. On the left of the figure [3.6] we 
can appreciate a cover with a hinge system, that with the locking lever (right side of the figure [3.6]) 
make together the safety clip flattening the sensor into the gasket and producing the tightness 
requested to start testing the pressure switch. 
This machine has two interchangeable devices that, with the gasket mentioned above, we can 
appreciate on the top of the cover. One of them is the disk placed inside the cover. It makes that the 
sensor puts pressure into the gasket. This device is interchangeable considering that the pressure 
switches have connectors dimensionally very different. 
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Figure [3.7] _ Current bench’s contact device 
Figure [3.8] _ Current bench’s pneumàtic circuits 
The other device is the contact, which also depends on the variety of connectors of these sensors. 
Here is where 24V go through one of the terminals and we use the mano-contact as a switch to turn on 




Moreover, other point to be considered is that, the machine must open an alternative circuit when is 
needed up to 6,5 relatives pressure bars, where the multiplier is located for generating more pressure 
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3.3.1.  Current procedures and operations 
Generally, in the current machine, two types of operation are being made: calibration and verification. 
There are two items that require different types of verification. One of them has two references named 
reversing light switch and the other one is the hydraulic switch, where the same sensor has two action 
points. 
The same test procedure is carried out for all the sensors. The pressure is increased and the sensor 
has to go through the rest state into the activated state. The verification should be made both in uplink 
and downlink pressure. 
The test for the reversing light switches consists of subjecting them it into a high pressure (about 14 
bars) and they must not change from their rest state. 
The hydraulic switch 21210 has a special feature: it has 3 terminals. It means that it has two circuits 
and two different rest states. From the terminal 81 to the terminal 81a we have to disconnect between a 
pressure from 5 to 8 bars; From the terminals 81 and the terminals 81a we have to disconnect between 
a pressure from 0,5 to 2 bars. The test is done in the same way as any other pressure switch, but the 
sensor is tested two times, like two different sensors. 
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Figure [3.9] _ Reference 10020 testing graphic. 
3.3.1.1. Testing procedure 
 
1. The pressure switch is placed in the pneumatic nozzle and the electrical connection. 
2. The pressure is increased until being over the higher-pressure tolerances. 
3. The point of action variation (connected or disconnected) is checked, both in uplink and 
downlink pressure. 
4. The above operation is repeated 2-3 times and then the piece is removed. 
 









(bar)(rel)	   Thread	   Connection	   Diagram	  
10020	   0,25	   0,25	   0,50	   10x1	   B	   A	  
 
The pressure is increased up to 1,5 bars (relatives).  When it exceeds the range of 0,25 to 0,5 bars, the 
sensor must act by disconnecting. Therefore, it changes from grounding to letting it going through by 























Table [3.5] _ Reference 10020 table’s example 
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Figure [3.10] _ Reference 18121 testing graphic 
3.3.1.2. Calibration procedure 
 
1. The pressure switch is placed in the pneumatic nozzle and the electrical connection. 
2. The pressure is increased until the nominal pressure and is kept stable.  
3. The adjustment screw is tightened or loosened until you reach the border on/off (it should 
be exactly on the border). 
4. Operations are made. The pressure is increased up to the higher action tolerance. 
5. The pressure switch action, both in uplink and downlink, is checked to verify that it is in its 
correct tolerances. If we don't succeed in achieving this condition, we should softly screw or 
loosen until adjust it on its tolerance limits. 
6. The test is made 2 times; one after the adjustment and the other one, 24 hours later when 
the piece has already the resin. 
 









(bar)(rel)	   Thread	   Connection	   Diagram	  
18121	   8,00	   7,20	   8,80	   16x1,5	  con.	   J	   D	  
 
 





















Table [3.6] _ Reference 18121 table’s example 
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Figure [3.11] _ Activation graphic reference 18121 
Figure [3.12] _ Calibration graphic detail reference 18121 
We reduce to 0 bars and increase again up to 9.5 bars. On the uplink the activation has to be 









If we reduce to 0 bars, a disconnection should not take place on the downlink before the 8,8 
bars and never later than 7,2 bars. 
If the mano-contact acts above the 8,8 bars, it should be softly loosened. If, on the contrary, it 
acts below the 7,2 bars, it should be softly screwed. 
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Figure [3.13] _ Testing graphic reference 41120 
3.3.1.3. Reversing light switch testing procedure 
 
1. The pressure switch is placed in the pneumatic nozzle and the electrical connection. 
2. The pressure is increased until it arrives to the indicated pressure and should be stabilized. 
3. For a while (about 30 seconds) it should be tested that the action does not changed. 
 









(bar)(rel)	   Thread	   Connection	   Diagram	  


























Table [3.7] _ Reference 41120 table’s example 
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Figure [3.14] _ Testing graphic reference 21210 
3.3.1.4. Hydraulic switch testing procedure 
 
1. The pressure switch is placed in the pneumatic nozzle and the electrical connection. 
2. The pressure is increased until it is over the higher-pressure tolerances. 
3. The point of action variation (connected or disconnected) is checked, both in uplink and 
downlink pressure. 
4. Change the electrical connections by connecting the other two terminals that form the other 
electrical circuit and repeat the steps 2 and 3. 
 

















10x1	  con.	   I	   H	  
 
The pressure is increased to a pressure up to 9,5 bars and when it arrives at a range between 0,5 and 
2 bars, the switch must act and must disconnect between the terminals 81 and 81a. When it arrives in 






















Table [3.8] _ Reference 21210 table’s example  
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3.3.2.  Advantages and disadvantages 
After making a brainstorming with the different departments (production, quality, engineering, health 
and safety...) we got some positive feedback (advantages) and some ideas for improving 
(disadvantages). 
• Current machine's strengths: 
 
o Machine's simplicity: As a manual machine, the components are quite common and in 
case of breaking or breakdown it is easily repaired. 
o Possibility of doing essays "along the way". As it is 100% manual, the operator could do 
the test that he wants with the tolerances and pressures that he decides. 
o High-speed for the testing operations, as long as the action point is away from the 
tolerances limits (SMED= Single Minute Exchange of Die). 
o Great ability for the display of the machine's main components (manometers) 
o Great advantage by the light "connection- disconnection".  Having a visual light that 
shows the connection change of the piece, improves the process speed. 
o Machine quite ergonomic, with enough areas and suitable positions. 
o Easy controls of the pieces OK and KO when are removed from the machine. 
 
• Current machine's weaknesses: 
 
o Instability at high pressures: When the line pressures are exceeded, the multiplier acts 
and it takes place an oscillating movement on the pressures, as well as a big noise. 
o The necessity of specialised workers: the current team requires that the operators know 
what they are doing. They should know the pressures of the piece and have the ability 
to adjust the pressures correctly. 
o Visual difficulty: The operator has to read the pressure of a manometer. If the pressures 
are at the intervals limit, the procedure is quite difficult, as well as delaying it. 
o Errors at the measures of the pressures too high. With the current manometer's system, 
there are measures errors caused by the manometer. 
o Lack of uniformity on the tests: The fact that the machine is manual, makes impossible 
that all the tests are made in the same way and under the same conditions. 
o Lack of pressure registry: Currently, when a mano-contact fails, there is not a registry of 
the pressure where it had acted. By a monitoring of the activation pressures of the 
products, we could detect the errors in other machines or process and previously rectify 
it. 
o Calibration difficulty: For calibrating, we need to know the pressure applied and it must 
be able to locking and keeping in a fixed pressure. It is impossible with the current lever. 
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3.3.3.  Improvement suggestions 
 
From the list of disadvantages previously described, you could find below the improvement suggestions 
to carry out on the design the new machine: 
 
• Ability for detecting the lack of the thread height (independent station) 
• Easy access to the screw. (Screwdriver’s pre-installation) 
• 2 buttons: Test start and end. (Valve locking and device opening)  
• Testing pieces (±20% production). Necessity of more stations. 
• Adjusted pieces (±80% production). Analyse the cycle time and check the stations number. 
• Users versatility: Production/Quality/Engineering 
• Pressure stability 
• Pressure control 
• Improving the cycle time 
• Database for registering and controlling the production orders. 
• Improving the brightness 
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Figure [3.15] _ Prodcution graphic of years 2011 and 2012 
3.3.4.  Current production study 
We have made a production study in a period of 4 years (2011-2014). For this study, we have rejected 
the productions less than 10 units and the data of 2010 because they were uncompleted. 
On the picture 7.15 and the table 7.9 we could find the summary of 2011 and 2012. On the picture 7.16 
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Summary 2011	   2012	  




% Pieces Nº Pieces 
18xxx	   50985	   261,06	   69,4%	   69,0%	   33911	   172,1	   65,9%	   64,5%	  
Pressure	  switch	   5009	   52,84	   6,8%	   14,0%	   6482	   50,77	   12,6%	   19,0%	  
Hydraulics	   1249	   8,02	   1,7%	   2,1%	   2292	   12,75	   4,5%	   4,8%	  
Pneumatics	   13700	   42,64	   18,7%	   11,3%	   6641	   23,27	   12,9%	   8,7%	  
Reversing	  switch	   2482	   13,94	   3,4%	   3,7%	   2170	   7,91	   4,2%	   3,0%	  
TOTAL	   73425	   378,5	     51496 266,8   
Table [3.9] _ Productin table for the years 2011 and 2012 





The products which references starting by 18xxx are the predominant in the current work bench, both 
in annual quantity as well as the using time of the machine on the 4 years studied. For this study, we 
have rejected the productions less than 10 units and the data of 2010 because they were uncompleted. 
The year 2012 represents the year of less percentage of the total produced (65,9% in pieces and 
64,5% in production hours). 
On the years 2013 and 2014 the production of the references 18xxx has substantially increased. The 
cycle used on the machine for these references increases up to 90%. This fact is due to the 
incorporation of a very important new customer that has increased the saturation of the machine and 
has produced the necessity of a new one. 
 
  
Summary 2011	   2012	  
Product	   Nº Pieces Time (h) % Pieces Nº Pieces Nº 
Pieces 
Time (h) % Pieces Nº Pieces 
18xxx	   92091	   760,19	   86,2%	   96,0%	   52270	   419,53	   77,1%	   92,1%	  
Pressure	  switch	   2408	   4,59	   2,3%	   0,6%	   2078	   6,93	   3,1%	   1,5%	  
Hydraulics	   513	   0,7	   0,5%	   0,1%	   3255	   10,38	   4,8%	   2,3%	  
Pneumatics	   8816	   20,33	   8,3%	   2,6%	   8174	   13,2	   12,0%	   2,9%	  
Reversing	  switch	   2955	   6,44	   2,8%	   0,8%	   2061	   5,54	   3,0%	   1,2%	  
TOTAL	   106783	   792,25	     67838 455,58   
Table [3.10] _ Production table of years 2013 and 2014 
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4. Pre-design test bench 
Once we have analysed and we have understood the requirements that our machine has to 
accomplish, the products that work with it have been classified and preliminary studies have been 
done, it’s the time to start to raise the new design.  
Brainstorming, benefits and drawbacks verified with the other departments and commented previously, 
set us a good way to start the design.  
4.1. Regulations 
Another point to bear in mind during the design process is the regulations. To our machine, we will 
mainly use the Safety Regulations Directive 2006/42/EC on Machinery, included in the real decree R.D. 
1644/2008: 
“DIRECTIVE 2006/42/CE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL  17th May 
2006, related to machines for what Directive 95/16/CE (recast) is modified. (Text with EEA relevance)”. 
There is a modification thereafter, Directive 2009/127/CE: 
“DIRECTIVAE 2009/127/CE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL, 21st 
October 2009 for what Directive 2006/42/CE is modified in terms of machinery for pesticide 
application”. 
This regulation went into effect for the first time in 1995, and it’s been known as the regulatory that 
requires the CE marking. 
The Safety Machinery Directive is applicable to: 
• Machines:   compilation of joined items between them, which at least one of them will have to 
be moveable and associated in solidarity for an application. 
• Safety components, which are marketed singly. 
• Group of machines located and associated in order to operate in a solidarity way (example of 
assembly lines).  
• Interchangeable equipment (no spare parts) that is able to be associated and to modify their 
functions. 
• Almost machines: group that sets a machine but it cannot operate by itself. 
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The main Safety and Health requirements are that designed and produced machines have to comply 
with all the machine safety directives described in annex I of the regulatory. 
Being the main general “Safety and Health requirements” suitable at any kind of machines, the Safety 
Machinery Directive facilitates this issue and establish that a machine is conformed with this “main 
requirements” if it accomplish the following European Harmonized standards: 
• UNE – EN  European Regulations adopted by Spain (available in Spanish) 
• EN   European Regulations (available in German, English and French) 
• prEN  European Draft Standard (in German, English and French) 
These regulations can be obtained through AENOR but each one has a cost so that’s why there is no 
kind of these documents attached. 
Regulations UNE EN ISO 12.100-1 and UNE EN ISO 12.100-2 are essential to accomplish with the 
“main Safety and Health requirements” and its reading is almost obligated to understand the rest of the 
Safety Machine Regulations. In the same way, the standard UNE EN 60.204-1 “Electrical Machines 
Equipment” is an important regulation for machines with electrical installation (we mention it in this 
document but this sort of standards are totally out from this project). 
Commonly, there is a sentence used to say that a machine is safe: “when we are able to leave our 8-10 
years old kid with the machines on, this machine will be totally safe”. 
An harmonized standard used in a compulsory way for the design of this machine is the one that 
contemplates all the pneumatic parts: 
Standard: UNE-EN 983:1996 
Title: SAFETY OF MACHINERY. SAFETY REQUIREMENTS FOR FLUID POWER SYSTEMS AND 
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4.1.1.  List of standards used 
Below, I cited all the standards used to design test bench. Because the standards are not allowed to 
spread, it will only mention the title: 
• UNE EN ISO 12100-1: Safety of machinery - Basic concepts, general principles for design - 
Part 1: Basic terminology, methodology. 
• UNE EN ISO 12100-2: Safety of machinery - Basic concepts, general principles for design - 
Part 2: Technical principles. 
• UNE EN ISO 14121-1: Safety of machinery - Risk assessment - Part 1: Principles. 
• UNE EN ISO 13850: Safety of machinery - Emergency stop - Principles for design. 
• UNE EN ISO 14120: Safety of machinery - Guards - General requirements for the design and 
construction of fixed and movable guards. 
• UNE EN ISO 13857: Safety of machinery - Safety distances to prevent hazard zones being 
reached by upper and lower limbs. 
• UNE EN ISO 13854: Safety of machinery. Minimum distances to prevent crushing of body 
parts. 
• UNE EN ISO 14119: Safety of machinery - Interlocking devices associated with guards - 
Principles for design and selection. 
• UNE EN 60.204-1: Safety of machinery. Electrical equipment of machines. Part 1: General 
requirements. 
• UNE EN 1037: Safety of machinery. Prevention of unexpected start-up. 
• UNE EN ISO 13849-1: Safety of machinery - Safety-related parts of control systems - Part 1: 
General principles for design. 
• UNE EN ISO 4413: Hydraulic fluid power - General rules and safety requirements for systems 
and their components. 
• UNE EN 983: Safety of machinery. Safety requirements for fluid power systems and their 
components. Pneumatics. 
• UNE EN ISO 11161: Safety of machinery. Integrated manufacturing systems. Basic 
requirement. 
• UNE EN ISO 13851: Safety of machinery. Two-hand control devices. Functional aspects and 
design principles.  
• UNE EN ISO 13855: Safety of machinery. Positioning of safeguards with respect to the 
approach speeds of parts of the human body. 
• UNE 1837: Safety of machinery - Integral lighting of machines. 
• UNE EN 61.310-1: Safety of machinery.  Indication, marking and actuation. Part 1: 
Requirements for visual, acoustic and tactile signals. 
• UNE EN ISO 14738: Safety of machinery. Anthropometric requirements for the design of 
workstations at machinery. 
• UNE EN ISO 3744: Acoustics. Determination of sound power levels and sound energy levels of 
noise sources using sound pressure.  Engineering methods for an essentially free field over a 
reflecting plane. 
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• ISO 7000: Graphical symbols for use on equipment. 
 
• UNE EN ISO 14122-1: Safety of machinery. Permanent means of access to machinery. Part 1: 
Choice of fixed means of access between two levels. 
• UNE EN ISO 11200: Acoustics. Noise emitted by machinery and equipment. Guidelines for the 
use of basic standards for the determination of emission sound pressure levels at a work station 
and at other specified positions. 
 
These are the main European harmonized regulations that have been used for the design of the 
machine. These is a lot more regulation, though not all mentioned in this document. 
It is worth mentioning that it is a machine designed and used in the same company; it means that it is 
not available to the public, it must comply with the CE regulations although there are documents such 




 TEST BENCH FOR PRESSURE SWITCH           Page 38 
 
 
4.2. Environmental conditions 
The test bench meets all current environmental legislation, the directive and European regulations. 
Compliance of the regulation UNE-EN ISO 14001: 1996, ENVIRONMENTAL MANAGEMENT 
SYSTEMS. SPECIFICATION WITH GUIDANCE FOR USE, where it is said that it will not use any 
material that damage the environment, as in the manufacture of the machine as in the process of this. 
It also accomplish with the law of Royal Decree 952/97 of 20 June (which includes the list of hazardous 
waste adopted by Decision 94/904/EC of the Council of December 22, in accordance with paragraph 4 
of article 1 of Directive 91/689/EEC). 
Another point that is characteristic for the good maintenance of the environment is the recycling of the 
machine, which is easy to disassemble and easily sortable in function of its materials. 
It is necessary to make reference that the machine has different components acquired on the market 
that have their own instructions for recycling and the rest of it is made with pure materials. 
4.2.1.  Dangerous wastes 
In the case of this test bench, has not used any material classified as dangerous waste, both in 
materials as used in the manufacture or assembly. 
In all the drawings of manufacture and assembly of the machine have indicated the materials and 
treatments used and as the construction is internal to the company, all the processes to manufacture 
compliant security environment. 
The maintenance, repair and finally the decomposition and recycling of the machine are explained and 
concretized in this document, indicating and certifying that complies with the environmental legislation. 
4.2.2.  Recycling 
We assume that our machine can be divided into two main parts to the recycling: 
• Purchasing parts 
• Manufactured and assembly parts 
The first block, are all elements or materials purchased, where they all have to be security sheet so a 
piece or a set or small device (example computer or MENSOR). 
This security sheet certifies that the purchased item complied with environmental legislation (if not, is 
totally discarded during the design) and in case of a device, it already takes instructions dismantling 
and recycling. 
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The second block, the manufactured items are designed for metal materials for recycling easy such as 
steel, iron, brass or aluminium. These materials have an easy and safe recycling process such as 
casting in order to reuse them later. Elements such as wood are also easy to recycle. The most 
problematic materials can be found at the machine are plastics or rubber joints from sealing, these 
elements will be recycled with a casting process after having identified the type of plastic and cleaned 
of impurities. 
To be classified the items according the material first disassemble the machine. To achieve this, they 
must remove all fasteners (screws or pins) or break the weld. The disassembly process is safe for the 









The test bench must have two factors to bear in mind in order to accomplish with a good maintenance: 
• Preventive maintenance 
• Corrective maintenance 
Preventive maintenance is the most important of both of them due to it is which will help to comply with 
the safety of the machine and it is also the one that will make it has a long and useful life. 
This kind of maintenance has the responsibility of keeping the machine updated: in first place, it will 
revise all the security elements and it will change these elements every time they fulfill with the life 
hours marked for each manufacturer. 
The main elements that require some preventive maintenance are the air maintenance unit (filters and 
safety valves), boiler (as it is certified, it needs to pass an exhaustive control of maintenance), electrical 
items and all the control devices such as fiber optics, magnetic detectors and sensors of the cylinders. 
Every year, we have to make a preventive maintenance of the high-pressure hoses to certify that there 
are no leaks that can cause bursting. 
On the other hand, every time small oxidations are detected, a general review of the pneumatic 
installation should be made to replace the contaminated items. 
The corrective maintenance is the one that we will try to avoid: if we find the case that we need to use a 
corrective maintenance, it means that some of the elements have been spoilt and it can cause major 
damage to the operation of the machine and, in consequence, an increase of the repair cost. 
It is advised to stop the machine and remove all energy (electric and pneumatic) to perform any 
operation. If this is not possible, not skipping or falsify any security. Special attention to the boiler and 
ensure that this is always downloaded before handling it.  
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Figure [4.1] _ High-speed pneumàtic pressure controller MENSOR CPC 3000 
Annex III. Pressure controller MENSOR CPC 3000. 
 
4.4. Choice of components according to the market 
The test bench will be constituted by different manufactured components and other ones bought on the 
present-day market. The choice of these components will be a key point: the purchase of these 
manufactured components let get a lower budget of the machine. On the other side, the choice of these 
products is not easy because of there's a lot of market and many similar products. 
In my case, there are three large blocks where this election has been fundamental for the good 
functioning of the machine: the pressure controller, the multiplier with boiler and all the pneumatic parts 
(cylinders and valves). 
The main element of the machine is a high performance pressure controller. It must be controlled in an 
externally way with PLC or similar and should comply with the requirements asked for to play under 
pressure. A very important condition that the bench needs is that this pressure control must be very fast 
and very versatile: we should be able to make leaps in different ranges and also to keep it stable during 
the desired time. 
All of this gave rise to find a very complete device, which would meet all of my requirements as it is the 
pressure of the MENSOR controller MEASUREMENT WIKA (Figure [4.1]). There are two similar 
models that could fit in the new machine, the CPC the CPC 6000 and 3000. 
The first one is more accurate (and expensive), because it is more intended for laboratory and 
researching. The CPC 3000 is more economical, it is three times faster though less accurate and is 
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Figure [4.2] _ Pressure multiplier and data sheet. 
Annex III. Multiplier FLUID FORCE. 
Another element hard to find and to choose has been the multiplier and boiler. As we work with high-
pressure pneumatic, the standard elements work from 0 bars relative to 15-16 bars relative. When we 
exceed these values, the components result quite weird and they are usually used in hydraulics, which 
has higher values, or the work of pressure with other fluids (such as water). 
According to the characteristics of the sensors, the higher pressure needed are 13 bars (relative), so 
we would be in the standard range and we could select a common multiplier. This is not entirely true for 
two reasons:  the first one is that the pneumatic is not very accurate. If we know that the maximum 
given by a common multiplier are about 16 bars with an entry of 8 bars (ratio of 2: 1); with the losses 
that our line have and knowing about our compressor normally generates about 6 bars it is no longer 
enough. The other reason is that if in the future the company will design a product with a range of 
superior performance, this is the trend, and the machine would not be able to check it out. 
For this reason, a multiplier of the brand FLUID FORCE (figure [4.2]) has been chosen, which has a 





The pressure generated by this item is not linear and it requires a boiler that works like a tank and not 
as a lung. This boiler has not been easy to find and it has finally been made to measure due to that the 
standards tend to be 100 liters or more.  
As our machine has smaller dimensions, the volume used in each cycle is not very high and pressure 
loss per cycle is almost null, we have opted for a boiler of 30 liters, enough to fill it with some speed and 
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Figure [4.3] _ Mutiplier filled chart. 
Annex III. Multiplier FLUID FORCE 
To check if these two elements were optimal for the proper functioning of the machine, we have been 
performed the calculations that determine the time of filling of the boiler of 30 liters with the multiplier. 
The calculation is done to determine what would be the maximum time to wait to fill the boiler in the 
worst cases.  
The route starts from the premise that the boiler has an initial pressure of 6 bars (Pi = 6 bars), that the 
boiler has to fill 30 l (V = 30 l) that is filled with a pressure of 6 bars (Pa = 6 bars) and that we want to 
load the boiler with a final pressure 15 bars (Pf = 15 bars). 
We calculate the final pressure relationship between the initials: 
  P2P1 (i) = PfPa = 6  bars6  bars = 0 P2P1 (f) = PfPa = 15  bars6  bars = 2,5 
 
With these values we go to the graph (figure [4.3]) 
and we look for the relationship of pressure in 
relation of to the time:  
 P2P1 i   →   Ti = 0  s. P2P1 f   →   Tf = 95  s. 
 
We calculate the difference between Tf and Ti: 
 T = Tf − Ti = 95  s. 
 
Therefore, the actual time to fill a tank of 30 liters is:  
 𝑇𝑟 = !  !  !!" = !"  !  !"!" = 285  𝑥   !  !"#!"  ! = 𝟒,𝟕𝟓  𝒎𝒊𝒏.≈ 𝟓  𝒎𝒊𝒏.  
 
We see that the maximum time needed to fill our tank from home is less than 5 minutes, a time more 
than reasonable given that there will be only 1 time a day. If loading it from zero up to the maximum 
takes less than 5 minutes, it means that if it has partial downloads, just with the stoppages that make 
the operator (changes of reference, resting, interventions, etc.), we will keep the boiler full and we don’t 
need an stop more for refill it. 
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The last great pieces searched in the market have been the tires. This is at first the simplest part. It is 
about to look for the pneumatic cylinders that most suit to the needs of the machine, and look for the 
valve or solenoid valve for commanding these cylinders. Since here there is nothing strange, but once 
we get some like the multiplier, the pneumatic standard works in a range of 0 to 15 bars relative. 
The cylinders act in a normal pressure of 6 bars and FESTO standard components are chosen, but in 
the part where the high-pressure hose operates, we should use high pressure fittings and electro 
valves. This means that we will use hydraulic components even though the fluid used is not oil and we 
change it by air. The combination of these two types of elements is not easy and we have to go very 
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Figure [4.4] _ View on the ground floor of a hexagonal body of 27 e/c 
4.5. Previous calculations 
One of the first and most important calculations is the transformation of the pressure in force to be able 
to size the mechanical components of the test bench. Another critical point is to determine the 
requirements of the pneumatic cylinder. 
According to the current requirements, the maximum pressure at the time to make the tests is 8 bars 
(REF. 41120). As the multiplier can reach pressures up to about 24 bars, we will consider this as the 
maximum working pressure. 
Sensors with a hexagonal body between faces of 27 mm have the largest section of the performance, 




We calculate the performance area where you will get the pressure: 
A = π · ∅2 ! =   π · 272 ! = 572,555  mm! ≈ 572,6  mm! 
Find below the previous area multiplied by the maximum pressure to find the requested force (F): 
F = 24  bar · 0,1  N/mm!1  bar · 572,6  mm! = 1374,24  N 
Finally, with the calculation of the Force we have to make sure that the machine will keep working in 
the worst possible conditions, therefore, we will apply a safety factor of n =2: Resistència = 2  x  F = 2  x  1374,24 = 𝟐𝟕𝟒𝟖,𝟓  𝐍 
 
With this calculation we are able to determine what will be the minimum section that the cylinder must 
 TEST BENCH FOR PRESSURE SWITCH           Page 46 
 
 
have to withstand the maximum pressure while it keeps working. We look for in the date sheet of 




If the pressure for the performance of the cylinder is 6 bars and the requested force is 2750 N, we find 
that the minimum diameter of the plunger should be 80 mm. 
The force calculated in advance also sizes the closing device that we use and we will have to take into 
account that one of the requirements for the design of the new machine is that it has two stations, so 
the force is multiplied x 2. 
 
  
Table [4.1] _ ADVUL of the cylinder forces table of FESTO (Annex III. Cylinders ADVUL (FESTO).  
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4.6. Demonstration of improvement with time cycles 
4.6.1.  Devices errors 
One of the main drawbacks that the current machine has is the precision and control of pressure, along 
with the manual process too. 
To improve it, we will incorporate a high-speed pressure controller (CPC MENSOR 3000), which is a 
very powerful device and very accurate as well. It lets to control the pressure with great speed and 
reliability. 
First of all, almost without knowing this device and just saying that is a digital component and 
commanded by software, we can make sure that we improve the error that meant the analogical 
gauges. These pressure gauges have a very low precision and we have to add human mistakes in the 
capture of reading. Currently, it has 5 pressure gauges, 3 bars and 2 kg/cm2 on the error according to 
their ranks can be found in the table 4.2: 
 
 
Manometer unit Manometer Range Minimum Error 
Bars 
0 – 2,5 0,01 
0 - 4 0,125 
0 - 25 0,1 
Kg/cm2 
0 – 10 0,05 
0 - 16 0,25 
 
 
This kind of mistake is acceptable, at least in most of the references, where the tolerances of our 
sensors are ± 0.05 bars in low pressure (0.1 to 2 bars) and ± 0.50 bars at high pressures (from 4 to 8 
bars) generally. To perform the pressure in the machine, which is a manual action and without any 
precision (only the trace that you can have is the operator), the rise and fall of the pressure are not 
linear when we have sensors that are very close to the tolerance, this error is multiplied exponentially. 
That is why the solution that has been chosen, in order to not having any doubts, is to reduce the 
tolerance of the piece. This means that we may be giving not OK many pieces within these tolerances. 
 
Table [4.2] _ Table of ranks of pressure gauges 
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Fig. [4.5] _ Specifications of the MENSOR CPC 3000 
Annex III. Pressure controller MENSOR CPC 3000 
To incorporate the MENSOR CPC 3000 we demonstrate that this type of error provide us a notoriously 
improvement precision of 0,015% of IS and an accuracy of 0.025% IS. The IS scale is the bottom 
(IntelliScale), which is the range of calibration that gives the internal sensor. As we can see in the 
following image, (Data Sheet) of the MENSOR (Figure [4.3]), the range of the sensor that takes the 




At the time of buying the device, this sensor is calibrated within the requested range, in our case -1 bar 
30 bar (relative), although later, internally and by software, this collection of scale is programmable and 
we are able to choose different background of scale: 3, 9, 15 and 30 bars. If we consider that the most 
unfavourable is the bottom of scale of 30 bars with an accuracy of 0.025% and an accuracy of 0,015%, 
our maximum error is as follows: 
 
Exactitude = 30  x  0,025100 = 𝟎,𝟎𝟎𝟕𝟓  𝐛𝐚𝐫𝐬 
 
Accuracy = 30  x  0,015100 = 𝟎,𝟎𝟎𝟒𝟓  𝐛𝐚𝐫𝐬 
 
With this maximum error and with the automatic control of pressure, we can guarantee that the items 
checked and the tolerances are entirely correct and we will not give for not OK pieces that could be 
within tolerances. 
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We also appreciated if the driver CPC MENSOR 6000 was the right one and it made a comparison 
between the two models to see if the difference in price came to mind, due to the machine will also be 
used for small research projects or possible trials where the tolerances are much more accurate. The 
results of the comparison can be seen in table [4.3]: 
 
 
CPC	  3000	  (EXACTITUDE)	   	   CPC	  6000	  (EXACTITUDE)	  
FS	   %	  Error	   Bars	   Pascals	   Milibars	   	   FS	   %	  Error	   Bars	   Pascals	   Milibars	  
30	   0,025	   0,0075	   750	   7,5	   	   30	   0,01	   0,003	   300	   3	  
15	   0,025	   0,00375	   375	   3,75	   	   15	   0,01	   0,0015	   150	   1,5	  
9	   0,025	   0,00225	   225	   2,25	   	   9	   0,01	   0,0009	   90	   0,9	  
3	   0,025	   0,00075	   75	   0,75	   	   3	   0,01	   0,0003	   30	   0,3	  
	   	   	   	   	   	   	   	   	   	   	  
CPC	  3000	  (ACCURACY)	   	   CPC	  6000	  (ACCURACY)	  
FS	   %	  Error	   Bars	   Pascals	   Milibars	   	   FS	   %	  Error	   Bars	   Pascals	   Milibars	  
30	   0,015	   0,0045	   450	   4,5	   	   30	   0,005	   0,0015	   150	   1,5	  
15	   0,015	   0,00225	   225	   2,25	   	   15	   0,005	   0,00075	   75	   0,75	  
9	   0,015	   0,00135	   135	   1,35	   	   9	   0,005	   0,00045	   45	   0,45	  
3	   0,015	   0,00045	   45	   0,45	   	   3	   0,005	   0,00015	   15	   0,15	  
	   	   	   	   	   	   	   	   	   	   	  
CPC	  3000	  (STABILITY	  OF	  REGULATION)	   	   CPC	  6000	  (STABILITY	  OF	  REGULATION)	  
FS	   %	  Error	   Bars	   Pascals	   Milibars	   	   FS	   %	  Error	   Bars	   Pascals	   Milibars	  
30	   0,004	   0,0012	   120	   1,2	   	   30	   0,003	   0,0009	   90	   0,9	  
15	   0,004	   0,0006	   60	   0,6	   	   15	   0,003	   0,00045	   45	   0,45	  
9	   0,004	   0,00036	   36	   0,36	   	   9	   0,003	   0,00027	   27	   0,27	  
3	   0,004	   0,00012	   12	   0,12	   	   3	   0,003	   0,00009	   9	   0,09	  
	   	   	   	   	   	   	   	   	   	   	  
CPC	  3000	  (CONTROL	  TIME)	   	   CPC	  6000	  (CONTROL	  TIME)	  
<	  3	  seconds	   	   <	  10	  seconds	  
 
We see that in all cases the CPC 6000 is more precise and accurate than the CPC 3000, but with this 
second the adjustment speed is 3 times higher. Most cases that we have in the new machine, speed is 
the more interesting thing. As this is a machine for production, this variable is the one that we need to 
prioritise. 
It is necessary to say that both of them meet perfectly the limits of errors allowed in the 100% of the 
sensors that are going to be checked. 
  
Table [4.3] _ Comparative Tables between the two models of MENSOR 
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4.6.2.  Programming and tests with MENSOR 
In order to make sure that this device is really what we need, we have done some tests and 
measurements with the CPC model 6000, taking advantage of that we have two units in the company. 
First of all, I've created some internal programs to try out the different configurations to have a look 
about what are the configurable variables that we have. The purpose of this essay is to remove a cycle 
time as real as possible. 
The different programs are programmed by a high-pressure switch (Ref 18105) which works with a 
pressure of 6.5 ± 0.20 bars. This kind of references will be the slowest test, that’s why we take them as 
an example. The program is only done by the testing system and the cycle time just wants to check to 
see time of operation of the MENSOR. 
Initially, the MENSOR has some defaults that are as follows: 
• CHANNEL: 
 
o Channel function: Speed 




o Filter: Normal 




o Limits of control   -1,02 / 17,98  bar RE 
o Stable limits: 0,003 E.C. %   to     4 seconds 
o Speed: Fast [3] 
o Minimum excess: OK 
 
• EXPECTED VALUE: 
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Figures [4.6], [4.7] i [4.8] _ Snapshots of configuration of the MENSOR CPC 6000 
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Figures [4.9] and [4.10] _ Screen shots of different schedules with MENSOR CPC 6000 
After making a new configuration of the parameters, we have created four different programs and we 
have taken down the cycle times: 
• PROGRAM 1 (Name of the program: Albert comprovación 1-A) 
 
TIME OF FINAL CYCLE = 4,5 - 5 seconds 
• PROGRAM 2 (Name of the program: Albert comprovación 1-B) 
 
 TIME OF FINAL CYCLE = 5 - 5,5 seconds 
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Figures [4.11] and [4.12] _ Screen shots of different schedules with MENSOR CPC 6000 
• PROGRAM 3 (Name of the program: Albert comprovación 2-A) 
 
TIME OF FINAL CYCLE = 6 – 6,5 seconds 
 
• PROGRAM 4 (Name of the program: Albert comprovación 2-B) 
 
TIME OF FINAL CYCLE = 5 - 6 seconds 
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Figure [4.13] _ Screenshot of the initial screen of the MENSOR CPC 6000 
In these different images, we can see three columns; the first one starting on the right marks the phase 
of each action, the central column marks the action that will take place and finally, the column on the 
right is the variable relevant to each action. 




As we are able to see in the picture (Figure [4.13]), in this screen you can choose the desired program. 
Once the program has been selected, we press the button ' play ' and the program starts to run 
showing us the screen in which stage is located and what the action that is being performing. In this 
screen and at the bottom of the window where we see the action that is being performing, there is a 
timer that shows the time that it takes to make each operation. 
We are able to stop or restart the program at any time. 
Thanks to this testing, we have been able to collect real time cycle by the CPC model 6000. We have 
also realised that there is a parameter that does change the speed and thus the cycle time. This is the 
parameter named ' stable boundaries’, which is configurable and that it also depends on the 
background of scale. Because of this, we have done some calculations to determine what would be the 
most optimal value in each of the cases. 
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We can say that the range of MPE in our products may vary between ± 0.10 bars and ± 0.05 bars, 
keeping the following results depending on the background of scale (table [4.3]): 
 
 
%	  F.S.	   ±	  0,1	  bars	   ±	  0,05	  bars	  
0-­‐9	  bars	   1%	   0,56%	  
0-­‐14	  bars	   0,70%	   0,36%	  
0-­‐19	  bars	   0,50%	   0,26%	  
0-­‐29	  bars	   0,35%	   0,15%	  
 
With these values, we modify the speed, making it increase exponentially. By default, he value of the 
stable limit is 0,003%. 
 What follows is the essay done, knowing the two previous points. We have tried to find the fastest time 




0,003	   E.C.	  %	   	   Bars	   Settling	  time	  (s)	  
4	   seconds	   	   2	   16	  
Speed	   3	   	   4	   18	  
Minimum	  excess	   NO	   	   6	   21	  
	   	   	   	   	   	  
Stable	  limits	  
0,006	   E.C.	  %	   	   Bars	   Settling	  time	  (s)	  
1	   seconds	   	   2	   8	  
Speed	   3	   	   4	   impossible	  
Minimum	  excess	   NO	   	   6	   impossible	  
	   	   	   	   	   	  
Stable	  limits	   0,006	   E.C.	  %	   	   Bars	   Settling	  time	  (s)	  
1	   seconds	   	   2	   7	  
Speed	   3	   	   4	   9	  
Minimum	  excess	   YES	   	   6	   11,5	  
	   	   	   	   	   	  
Stable	  limits	  
0,3	   E.C.	  %	   	   Bars	   Settling	  time	  (s)	  
1	   seconds	   	   2	   4,5	  
Speed	   3	   	   4	   5	  
Minimum	  excess	   YES	   	   6	   5,5	  
	   	   	   	   	   	  
Stable	  limits	   1	   E.C.	  %	   	   Bars	   Settling	  time	  (s)	  
1	   seconds	   	   2	   3,5	  
Speed	   3	   	   4	   4,5	  
Minimum	  excess	   YES	   	   6	   5,5	  
	   	   	   	   	   	  
Table [4.3] _ Table of errors of the MENSOR CPC 6000 
Table [4.4] _ Table of time trials with MENSOR CPC 6000 
 TEST BENCH FOR PRESSURE SWITCH           Page 56 
 
 
As we can see, when we increase the percentage of the stable limits, although we keep the same 
speed value, times are shorter.  
All of this shows that the most optimal thing would be to increase to the maximum the stable limits 
(within the maximum permissible error of each piece), always keeping the checkbox above the 
minimum excess marked, due to the MENSOR is unable to stabilize.  
This type of test has been tested with different references (table [4.5]), to see how the time influences 
depending on the pressure range that we will look for. 
In this last, we have left fixed the background of scale considering the standard range of 0 to 9 bars 
and stable limits in 0.56 E.C.% to 1 second (this means that the error will be considered as 0’5 bars). 
The study has been done to see if the card of National Instruments (similar to PLC) is able to collect 
sate in this period of time. 
  
 






(velocitat)	   Temps	  (s)	   Temps	  (ms)	  
A	  50	  ms	  
(bars)	  
A	  100	  ms	  
(bars)	  
A	  150	  ms	  
(bars)	  
11600	   0,1	   0,05	   0,15	   3	   2	   2000	   0,00250	   0,00500	   0,00750	  
11600	   0,1	   0,05	   0,15	   4	   2	   2000	   0,00250	   0,00500	   0,00750	  
11600	   0,1	   0,05	   0,15	   8	   <2	   1800	   0,00278	   0,00556	   0,00833	  
11600	   0,1	   0,05	   0,15	   10	   1	   1000	   0,00500	   0,01000	   0,01500	  
11600	   0,1	   0,05	   0,15	   12	   1,5	   1500	   0,00333	   0,00667	   0,01000	  
11600	   0,1	   0,05	   0,15	   15	   1,5	   1500	   0,00333	   0,00667	   0,01000	  
	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  






(speed)	   Time	  (s)	   Time	  (ms)	  
To	  50	  ms	  
(bars)	  
To	  100	  ms	  
(bars)	  
To	  150	  ms	  
(bars)	  
12555	   0,2	   0,1	   0,3	   3	   3,5	   3500	   0,00286	   0,00571	   0,00857	  
12555	   0,2	   0,1	   0,3	   4	   3,5	   3500	   0,00286	   0,00571	   0,00857	  
12555	   0,2	   0,1	   0,3	   6	   3,5	   3500	   0,00286	   0,00571	   0,00857	  
12555	   0,2	   0,1	   0,3	   8	   3	   3000	   0,00333	   0,00667	   0,01000	  
12555	   0,2	   0,1	   0,3	   10	   2	   2000	   0,00500	   0,01000	   0,01500	  
12555	   0,2	   0,1	   0,3	   15	   1	   1000	   0,01000	   0,02000	   0,03000	  
	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  






(speed)	   Time	  (s)	   Time	  (ms)	  
To	  50	  ms	  
(bars)	  
To	  100	  ms	  
(bars)	  
To	  150	  ms	  
(bars)	  
12040	   0,5	   0,4	   0,6	   3	   5	   5000	   0,00500	   0,01000	   0,01500	  
12040	   0,5	   0,4	   0,6	   4	   5	   5000	   0,00500	   0,01000	   0,01500	  
12040	   0,5	   0,4	   0,6	   8	   6	   6000	   0,00417	   0,00833	   0,01250	  
12040	   0,5	   0,4	   0,6	   12	   4	   4000	   0,00625	   0,01250	   0,01875	  
12040	   0,5	   0,4	   0,6	   15	   2	   2000	   0,01250	   0,02500	   0,03750	  
12040	   0,5	   0,4	   0,6	   18	   2	   2000	   0,01250	   0,02500	   0,03750	  
	   	   	   	   	   	   	   	   	   	  
Table [4.5] _ Read tables of different time references and pressures with MENSOR CPC 6000 
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(speed)	   Time	  (s)	   Time	  (ms)	  
To	  50	  ms	  
(bars)	  
To	  100	  ms	  
(bars)	  
To	  150	  ms	  
(bars)	  
11390	   1	   0,8	   1,3	   3	   4,5	   4500	   0,01111	   0,02222	   0,03333	  
11390	   1	   0,8	   1,3	   4	   3	   3000	   0,01667	   0,03333	   0,05000	  
11390	   1	   0,8	   1,3	   8	   2	   2000	   0,02500	   0,05000	   0,07500	  
11390	   1	   0,8	   1,3	   12	   2	   2000	   0,02500	   0,05000	   0,07500	  
11390	   1	   0,8	   1,3	   15	   3	   3000	   0,01667	   0,03333	   0,05000	  
11390	   1	   0,8	   1,3	   18	   3	   3000	   0,01667	   0,03333	   0,05000	  
	  
	  
	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  






(speed)	   Time	  (s)	   Time	  (ms)	  
To	  50	  ms	  
(bars)	  
To	  100	  ms	  
(bars)	  
To	  150	  ms	  
(bars)	  
12850	   1,4	   1,2	   1,6	   3	   3	   3000	   0,02333	   0,04667	   0,07000	  
12850	   1,4	   1,2	   1,6	   4	   3	   3000	   0,02333	   0,04667	   0,07000	  
12850	   1,4	   1,2	   1,6	   8	   2,5	   2500	   0,02800	   0,05600	   0,08400	  
12850	   1,4	   1,2	   1,6	   12	   2,5	   2500	   0,02800	   0,05600	   0,08400	  
12850	   1,4	   1,2	   1,6	   15	   2,5	   2500	   0,02800	   0,05600	   0,08400	  
12850	   1,4	   1,2	   1,6	   18	   3	   3000	   0,02333	   0,04667	   0,07000	  
12850	   1,4	   1,2	   1,6	   20	   3	   3000	   0,02333	   0,04667	   0,07000	  
	   	  
	  
	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	  






(speed)	   Time	  (s)	   Time	  (ms)	  
To	  50	  ms	  
(bars)	  
To	  100	  ms	  
(bars)	  
To	  150	  ms	  
(bars)	  
12940	   2	   1,9	   2,3	   3	   4	   4000	   0,02500	   0,05000	   0,07500	  
12940	   2	   1,9	   2,3	   4	   3	   3000	   0,03333	   0,06667	   0,10000	  
12940	   2	   1,9	   2,3	   8	   3	   3000	   0,03333	   0,06667	   0,10000	  
12940	   2	   1,9	   2,3	   10	   2,5	   2500	   0,04000	   0,08000	   0,12000	  
12940	   2	   1,9	   2,3	   12	   3	   3000	   0,03333	   0,06667	   0,10000	  
12940	   2	   1,9	   2,3	   15	   3	   3000	   0,03333	   0,06667	   0,10000	  
12940	   2	   1,9	   2,3	   18	   3	   3000	   0,03333	   0,06667	   0,10000	  
12940	   2	   1,9	   2,3	   20	   3	   3000	   0,03333	   0,06667	   0,10000	  
	   	   	   	   	   	   	   	   	   	  
	   	  
	  
	   	   	   	   	   	   	   	  






(speed)	   Time	  (s)	   Time	  (ms)	  
To	  50	  ms	  
(bars)	  
To	  100	  ms	  
(bars)	  
To	  150	  ms	  
(bars)	  
16020	   4	   3,9	   4,3	   3	   5	   5000	   0,04000	   0,08000	   0,12000	  
16020	   4	   3,9	   4,3	   4	   4	   4000	   0,05000	   0,10000	   0,15000	  
16020	   4	   3,9	   4,3	   6	   3,5	   3500	   0,05714	   0,11429	   0,17143	  
16020	   4	   3,9	   4,3	   8	   3,5	   3500	   0,05714	   0,11429	   0,17143	  
16020	   4	   3,9	   4,3	   10	   3	   3000	   0,06667	   0,13333	   0,20000	  
16020	   4	   3,9	   4,3	   12	   3,5	   3500	   0,05714	   0,11429	   0,17143	  
16020	   4	   3,9	   4,3	   18	   4,5	   4500	   0,04444	   0,08889	   0,13333	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The National Instruments card (similar to PLC) reads every 50 milliseconds so we wanted to check that 
if we are optimizing the speed of the MENSOR in references where the pressures are very close to 0, 
to check if the card is able to take readings with a reasonable time. 
The first reference, 11600, with a pressure of 0,1 ± 0,05 bars, in its second reading (100 ms), the PLC 
card would be within the minimum tolerances of the pressure switch. This process would be much 
adjusted and we wouldn’t be able to make sure if the piece is within the tolerances at the time in that 
the card is making the reading.  It happens the same with the second reference, 1255; it has a 
pressure of 0.2 ± 0.1 bars and with its third reading (150 ms) we will be on the border of the lower 
tolerance. 
This would not be feasible because of the card that makes the process is not accurate, therefore, this 
type of references where the pressure is so close to 0, we should decrease the speed so that the 
readings were correct. 
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4.6.3.  Comparison of the time cycle 
Once we have found the real time of the MENSOR we make a comparison of the real times of our 
machine. We separate by phases the times and we put them together forming the total cycle of the 
test; in this way, we are able to see physically how we are improving the total time of the cycle by 
placing a MENSOR design in the new machine. 
We can also differentiate between two types of test (testing and adjustment); the times are completely 
different. This comparison has been used the reference 12950 (with a pressure of 2.5 ± 0.30 bars) by 
the checking test, and the reference 18105 (with a pressure of 6.5 ± 0.20 bars) for the calibration test. 
To take some real times from our machine, I have gone to the production department with a stopwatch 
and I have written the time of each cycle phase of more than 50 pieces made. Finally, we have made 
an average: the average of the best time and the average of the most unfavourable case.  
The tests are divided into three phases, regardless of the type of the test (checking or calibration). The 
machine treats the tests in the same way, the only thing that varies is the method used. Therefore, 
there are the following phases:  
1. Grab a piece and put it in the machine (close and leave it ready for testing) 
2. Test the piece (here is where we find the different types of tests) 
3. Remove the piece and rank it (at the end of the test, remove the piece and put it in OK or 
KO) 
This comparison is very useful to see if it would be necessary to put more than one station. In the case 
that the time tests is longer than the time of preparation and extraction (when the operator is waiting for 
finishing the test) we could raise to set of a second station to improve the machine. 
We have to bear in mind that the machine has a workstation with a single socket (one workstation = 
one socket), so all the times compared are equated to this design. This means that, finally, the new 
machine will have a workstation with two sockets (one workstation = two pieces). Results must be 
multiplied by two due to with the same action and with the same time, it gets double of pieces. 
Table [4.6] is shown below: it makes the comparison of the cycle time of the two machines. It shows 
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• Checking phase: 
 
 
1.	  FAVORABLE	  TEST	   	   2.	  UNFAVORABLE	  TEST	   	   3.	  MENSOR	  TIME	  
PHASES	   TIME	  (s)	   	   PHASES	   TIME	  (s)	   	  
FAVORABLE	  
TIME	   2	  
Grab a piece and put it 
in the machine	   3	   	  
Grab a piece and put it in 
the machine	   5	   	  
UNFAVORABLE	  
TIME	   4	  
Test	   5	   	   Test	   6	   	   	   	  
Remove the piece and 
rank it	   2	   	  
Remove the piece and 




1	   2	   3	   4	   5	   6	   7	   8	   9	   10	   11	   12	   13	   14	   15	   16	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
PHASE	  1	   PHASE	  2	   PHASE	  3	   	   	   	   	   	   	  
PHASE	  1	   MENSOR	   PHASE	  3	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
PHASE	  1	   PHASE	  2	   PHASE	  3	   	  
PHASE	  1	   MENSOR	   PHASE	  3	   	   	   	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
BEST	  cycle	  test	   10	  seconds	  
WORST	  cycle	  test	   15	  seconds	  
 
In this phase we appreciate both cases, the favourable and the unfavourable one. The time cycle has 
been improved. In the first case (favourable), we get three seconds of advantage in the cycle time: the 
old machine gets ten seconds time and the new one, seven. In the second case (unfavourable) we 
earn two seconds: the old machine gets fifteen seconds time and the new one, thirteen. 
We can also see that the time of the test is shorter than the sum of the phase 1 and phase 3 so it 
wouldn’t be worth to set a second workstation in the testing phase.   
Table [4.6] _ Read Out Tables of the cycle time of the check test 
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• Calibration test: 
 
 
4.	  FAVORABLE	  TEST	   	   5.	  UNFAVORABLE	  TEST	   	   6.	  MENSOR	  TIME	  
PHASES	   TIME	  (s)	   	   PHASES	   TIME	  (s)	   	  
FAVORABLE	  
TIME	   30	  
Grab a piece and put it 
in the machine	   5	   	  
Grab a piece and put it 
in the machine	   7	   	  
UNFAVORABLE	  
TIME	   40	  
Test	   40	   	   Test	   90	   	   	   	  
Remove the piece and 
rank it	   3	   	  
Remove the piece and 




5	   10	   15	   20	   25	   30	   35	   40	   45	   50	   55	   60	   65	   70	   75	   80	   85	   90	   95	   100	   105	   110	   115	   120	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
F1	   PHASES	  2	   F3	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
F1	   MENSOR	   F3	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
F1	   PHASES	  2	   F3	   	   	   	  
F1	   MENSOR	   F3	   	   	   	   	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	   	  
BEST	  cycle	  test	   50	  seconds	   	   	   	   	   	   	   	   	  
WORST	  cycle	  test	   >	  105	  seconds	   	   	   	   	   	   	   	   	  
 
In this phase we appreciate, both in the case favourable as in the case of unfavourable, we are 
improving a lot the cycle time. In the first case (favourable) we get about 10 seconds of the cycle time: 
the old machine gets 50 seconds time and the new one, 40. In the second case (unfavourable) we earn 
50 seconds (almost 1 minute): the old machine gets 105 seconds time and the new one, 55 seconds. 
In this case we see that the test is far advanced to the sum of the phase 1 and the phase 3, so we 
could propose to set a second workstation though in the case of the calibration test, where the operator 
is actively involved during this time, the option to set a second workstation is directly ruled out. 
 
 
Table [4.7] _ Read out tables of the time test cycle of adjustment 
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4.6.4.  Improvement percentage 
With the previously extracted data, we can make an estimate of the improvement percentage of the 






E	   PROCESS	  
Time	  with	  safety	  
factor	  1,14	   Pieces/h	  
AVERAGE	  





	   OLD	  ONE	  
FAVOURABLE	   11,40	   316	  
263	  
164	  
UNFAVOURABLE	   17,10	   211	  
NEW	  ONE	  
FAVOURABLE	   7,98	   902	  
694	  









FAVOURABLE	   57,00	   63	  
47	  
45	  
UNFAVOURABLE	   119,70	   30	  
NEW	  ONE	  
FAVOURABLE	   45,60	   79	  
68	  
UNFAVOURABLE	   62,70	   57	  
 
As we can see, the improvement is notoriously important. In the test type ' calibration ', we see that the 
improvement of the new machine increases the process around 45%.  
In the test type ' testing', numbers are much more potent due to the final design of the new machine 
incorporates for a single workstation, two pieces: it is checking two pieces at the same time. This 
means that if in average we test 347 pieces / hour, we will start to check 694 pieces / hour, so the 
improvement percentage increases rather than a 32%, but in a 164%. 
These calculations demonstrate the importance of the machine’s design: everything gets better, the 







Table [4.8] _ Table of improvement percentages of the new machine 
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With all of these numbers we are able to calculate of the saving costs that can be achieved in the 












Testing (25%) 65 113.750  
New one 




Testing (25%) 173 301.875  
      
Value / hour to FAE = 14,62 € / h 
      
Value old machine process (M198) 0,145 € / piece 
Value new machine process (M1151) 0,064 € / piece 
SAVING WITH THE NEW PROCESS 0,081 € / piece 
 
As we see in Table [4.9], we have classified the type of test depending on the load that the machine as, 
that is to say. Calibration type sensors have a machine saturation of 75% and checking type sensors 
have a 25% of the total use of the machine. If we sum these data, we can take the value of pieces/hour 
and the value of pieces/year. 
With these numbers, and knowing that the value per hour of the section the machine is located is 
14,62€/h, we can calculate the price per piece to each machine. If we deduct both prices with this, we 
get the difference of cost savings that new machine will have in the pressure switches testing: we save 
0,081 €/piece. 
Table [4.9] _ Table with the saving costs of the new process 
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Figure [5.1] _ Test bench final design 
5. Test bench design 
Finally, the machine design has been simple and ergonomic. At the same time, we have tried 
to achieve all the operating conditions imposed by the company, as well as the ergonomic 
requirements and the feasibility requested by the different departments that took part in the 
brainstorming. 
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The test bench is comprised by a standardized steel tube structure of 40x40x4 with a work 
bench form that holds and distributes the different elements. In the central part of this structure 
we can appreciate a wooden plank (element nº 7), that has the function as a table. 
On the bottom of the plank we could find on the left a rectangular protection (number 11) that 
is where are located the multiplier and the header (both protected and insulated). Also on the 
bottom, but in the centre, we can appreciate a wooden plank that is the footrest; on the bottom 
right, there is the computer (element nº14) that monitors and collects the action data and the 
test results. At the back of the computer, there is the machine's electrical switchboard (nº21), 
where there are all the connections for the machine operation. 
Beyond these three components above mentioned and still on the bottom of the main wooden 
plank, we can appreciate in red two drawers that opens outward, giving two blue boxes with 
more place to put the sensors. The left drawer will be for the sensors to test and the right one 
will be for the sensors already tested and with an OK result. Immediately, over the right 
drawer, we can find a foldaway drawer, where is placed the wireless keyboard (element 13) 
and mouse for the computer. 
On the top of the main wooden plank (number 7), on the left there is another blue box 
(element 8). This box is for the sensors to being tested. On the right of this box is placed a big 
steel sheet F-112 that encircles the two testing units of the sensors. This sheet has to cover 
the hole on the wooden plank for introducing the mentioned units. 
Inside this steel sheet, we find the thread control station (element number 9), that it will be the 
only action of this section, although it will be only for the pressure switches to be calibrated. In 
the middle of the sheet, there is the main section of the machine: testing and calibration 
(number 10). On the right, there is the push button box with 4 buttons (number 19), the green 
one is for starting the test and the red one for stopping it. The orange one is for giving tension 
to the machine every time that switch on or after making an emergency shutdown (required 
button by the machine's safety regulations). Finally, at the push button box there is a switch 
bigger than the emergency shutdown button. On the right, outside the sheet, there is another 
kind of box (number 20), for placing orderly the sensors already calibrated and/or tested (this 
tray is only used for an specific kind of sensors). 
On the top of the wooden plank, we can find a shelf that supports some components in a 
specific height. In the middle of this shelf and hanging with brackets, there are 3 lights boxes. 
The first at left, with only two lights (element 6), is the one that shows us if the test of the 
thread verification is OK (green light) or NOT OK (red light). Next, the other two boxes 
(number 5) help us visually to establish the verification or calibration test result. There are two 
asymmetrical boxes, one for each module station (they are asymmetrical for not confusing it) 
and inside of these boxes we find 4 lights: green light indicates if the test is OK, the red light 
indicates that the test is NOT OK, and the orange lights indicate the sensor circuit, this means 
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that if it is connecting or disconnecting type. There are two units in each box, as we have 
sensors with two circuits (the ones that have more than 2 terminals on the connector). 
On the right bottom of the shelf, there are two red boxes (number 16), that are for classifying 
the pieces as a result is NOT OK in order to not mix with the other pieces. 
On the top of the shelf from the left, there is a cabinet with different drawers (element 2) used 
for keeping and classifying the tools. On the right of the cabinet there is the computer monitor 
(number 4) of 21,5" (established by the ergonomic regulations) that is used for controlling the 
sensors test instructions and its results. As we can appreciate, the monitor is placed in the 
middle and can be adjusted according to the height of the operator. On the right of the 
monitor, there is the MENSOR (element 15), also oriented towards the operator, as he could 
check the integrated display and could verify that it works correctly with the computer control. 
Finally, over the shelf at right side, there is a power strip (number 18), to supply the operator 
with the electrical connections needed. For example, if he would like to connect a fan on 
summer or if he would like to connect an additional light. 
On the top right of the shelf and embedded to the structure, we find a switch (element 17) to 
turn on/off the LED light (number 3) placed on the top of the bench. Oh the top left, there is 
also the beacon (element 1), which is like a traffic light that with its three light indicates us the 
machine state. (In green indicates the operation in mode of production; in white indicates that 
is in test mode; in red indicates that the machine is shutdown and without voltage). 
The pneumatic circuit can not be appreciated on the picture [5.1], but the maintenance unit is 
placed on the back at the same level of the main wooden plank. The valves and the main 
circuit are embedded to the bottom left of the sheet that covers the bench on the back (beside 
the multiplier and header protections). 
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Figure [5.2] _ Testing module design 
In order to better explain the operation and the parts composing the testing module, we could 





On the picture above, we notice that is a small rectangular module, which base (element 
number 18) is a strength aluminium and anodised plate. The walls (number 7) of this module 
are composed by polycarbonate sheets that protect the access inside to avoid any 
entrapment. 
On the top, there is a flip-top (element 1) of strength-anodised aluminium, that will allow the 
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opening to place the sensors and will lock it to start the test. To verify that we start the test with 
the plate locked correctly, there are some sensors on the bottom (element 13) for checking 
that the locking plate is correctly placed. On the ends of the locking plate there are two knobs 
(number 5) for doing this opening. There are two through holes on the cover to make a tightly 
closing. On the plate top, there are the pins (element 2) used for placing the different devices 
of the contact; they are also responsible for making the connections with the sensors and 
taking the drive readings. These devices are connected with the banana connectors of colours 
(number 4) that goes directly through the electrical switchboard. The other green and yellow 
(element 15) connector is the contact to grounding needed for the pressure switches of one 
terminal. 
The wall that holds this locking plate, is also of strength aluminium (element 16), as it will bear 
the effort of the previous plate. 
In the polycarbonate protections, we can appreciate some elements, such as two larger 
pneumatic cylinders (number 14), that should act for raising the pieces and doing the tightness 
needed for the acting. Above of this two cylinders there are the devices named tightness 
devices (element 17), which are those that have the chamber where the pressure will be 
injected and where the sensors will be placed. In order to detect if these devices have pieces 
before starting the cycle, we have placed a fiber optic sensors (element number 6) at each 
station. They are the small elements that we can appreciate on the frontal protection and that 
simulate a red wire. 
After the polycarbonate protections on the front, there is a kind of cube (number 11) for 
holding the locking lever, which is the black cylinder (element 8) that will be turned when the 
cover will be locked and will be used as a latch in order to not be raised during the test. At the 
end of the cycle, we will turn again the latch and open the locking cover. 
This locking lever is fixed to the cube above mentioned by a steel sheet shaped like a 
horseshoe (element number 9). 
In order to make sure that the latch is in the correct position when we turn it, we will provide it 
with another safety switch (number 10) that will detect if it won't have the correct position we 
cannot start the test. 
On the right of the latch, there is a pneumatic cylinder (number 12), smaller than the previous 
ones, that will act for fixing the latch in order that it won't be turned and won't be opened while 
the test is in process. At the cylinder end there is an special screwed piece that will do this 
action. The cylinder only could act when the safety sensor latch (number 10) will be in a 
correct position, making sure that the door is securely closed. 
The three pneumatic cylinders are provided with sensors that verify the rest/act position by 
giving us greater security. 
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Figure [5.3] _ Thread control station picture 
All the electrical cables and pneumatic connections will go out shaped like a hose by the back 
part until an air connector, which will be used as a support for removing easily the module 
whenever we should do maintenance. 
On the back of the locking plate, there is a stooped form used to support the plate mentioned 
above when it is opened and that it not fall forward nor backward. 
In order to better explain the thread control station and its different parts, we could find the 




As we can appreciate on the picture [5.3], the main part is a stainless steel sheet of 2mm 
 TEST BENCH FOR PRESSURE SWITCH           Page 70 
 
 
gauge (element number 7) that holds and places all this module over the test bench. It has 
two grooves used to put the cover (number 1) shown on the top which function is to protect all 
the module of the dust while it is not being used. We can also find a green button (element 6) 
on the base sheet which is used for giving the thread verification test starting order. 
On the sheet bottom we find the comparator (number 8). It is an standard element of the 
brand Mitutoyo that will be in charge of the thread measure reading. 
Embedded on the top of the sheet, the first element we find is an austenite stainless steel 
cylinder (element 5) that is perforred inside (we pretend that this element would not has 
magnetism and won't be affected by the magnets) and fixes the comparator (number 8) with 
the main sheet (number 7). 
Just over the cylinder there are 4 magnets (element number 4) with the objective of auto-place 
and keep the sensors on the desired position as well as the sensors will always remain plans 
in order to have a correct thread reading. 
Over the magnets we find a martensitic stainless steel cylindrical disc (element 3) with 
different purposes. Firstly, it is used for positioning the magnets (number 4) on its bottom and 
for placing the devices on the top. It must be martensitic stainless steel to keep the magnetism 
and it must magnetize both the devices and sensors by placing them as desired. 
On the top and inside this disc are placed the different devices that will be for the placement of 
each sensor. 
We can appreciate that all the elements are perfored inside. This is to allow the comparator tip 
pass down (element number 2) until the sensor and does the thread height reading.  
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5.1. Test bench division 
By company policy and regulation, the machine should be registered with a codification.  For 
this reason , this test bench has been codified with the number M-1151. Drawn from this 
codification we have named the different test bench sections. 
The machine has been divided in 7 major blocs as below: 
 
• 00 –GENERAL SET: There is indicated the machine final design. 
• 01 –STRUCTURE: In this section, there is located the bench/bed with its structure and 
parts like the drawers, the shelf and the protections. 
• 02 –CONTROL STATION: This is the main section where the pieces are tested. We 
can also find the protections and the safety systems such as the switches or optical 
fibres, with the operating devices. 
• 03 –THREAD CONTROL STATION: The thread control station is the section where we 
verify if the height of the boot or the thread is the correct one, in order to go on the 
sensor calibration. 
• 04 –PNEUMATIC DIAGRAMS:  Section where we can find the whole pneumatic circuit 
design. 
• 05 – BUDGET: Module where we find the budget of each section and the final machine 
budget. There are also the amortization calculation and the improvement of the cycle 
cost. 
• 06 –ELECTRICAL SCHEMES: In this section we can find the drawings of the machine 
electrical circuits. 
 
In order to identify and make the drawings, the terminology of these sections will be such as: 
M1151-XX-YY. The XX will indicate one of the 7 numbers above mentioned and the numbers 
YY will indicate each components of these sections. In each section, we will find a drawing 
such as M1151-XX-00, this one will indicate the general section drawing. 
Drawing codification example: M1151-02-02 – Locking plate. 
*On the annex II. Drawings, you could find all the drawings. 
 
  




The bench is thought to be worked by a single operator. His position may be sitting and 
centered. All modules are designed and studied and comply with all the rules of ergonomics. 
In figure [54] you can see a footrest and that all parts of the machine are accessible and 
visible effortlessly. A critical point has been how to share space, as there are parts, such as 
the multiplier and the accumulator that occupy a large volume and cannot be fixed with the 
bench due to vibration. This also had to be soundproof, since it works at more than 85 dB and 
safety regulations imposed that for the worker’s safety (picture [32] shows the data sheet of 
the multiplier and says it generates 90 dB). 
Other interesting and complicated issues about the machine have been designing and 
positioning of the testing module. This block means that in regulated noncontacts, the operator 
may lean forward to access the screw that carries these sensors to regulate them. This has 
complicated the design, making necessary a block as small as possible to have it closer to the 
operator, with high limitations, both to prevent having an uncomfortable position of the legs as 
well as to access to the top to regulate the sensors. 
The shelf where the MENSOR and the computer screen are placed is designed to have these 
elements to a certain height and in front of the operator so that he has a clear vision and did 
not need to move to look at them. 
One of the basics of the rules of ergonomics is light, so it has been placed a large LED light at 
the top of the structure and slightly offset from the center to prevent shades. The light must be 
white and as similar as possible to natural light. 
The small cabinet found on the left side of the shelf is also strategically located, since the 
machine must be able to be largely rechanged and quickly, SMED (Single Minute Exchange 
of Die), we provide a space to store the tools and select them in a quick and easy way. 
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Figure [5.4] _ Leg with the wire net 
5.3. Structural study of the workbench and locking plate 
To justify dimensions of some parts of the bench, such as its structure or the closing plate, 
several calculations have been done. 
To demonstrate that the bench resists the demanded efforts, we have selected one of the legs 
and apply all the weight that the bench should hold, around 70 kg (700N) in total. The bench is 
made of stainless steel 1.0038 (S235JRG2) with a elastic limit of 2.35·108 N/m2 and a traction 
limit of 3.6·108 N/m2. 
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Figure [5.5] _ Von Mises stress shown in colours 
Having the wire net, we get maximum Von Mises stress (1462,03·103 N/m2 at node 2188) and 
the minimum (618992 N/m2 at node 2191), as shown in figure 9.5. This way, it is certified that 
they do not surpass the elastic limit (2.35·108 N/m2) and demonstrate that the bench is 
trustable. 
We have not applied any security factor, as it has been demonstrated that every loading is 
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Figure [5.6] _ Displacement shown in colours 
We also can calculate that the maximum displacement (0.00480796 mm) that the leg of the 
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Figure [5.7] _ Closing plate with wire net 
Figure [5.7] _ Von Mises stress in colours 
We will use the same method to verify that the closing plate for the testing module is well 
dimensioned and using duralumin was a right choice. This element has to be safe, since it will 
hold all the loading in pressure forms every time a test is carried out. Note that the maximum 
value that the multiplier can provide is 24 bars (350 PSI and 100 kN/m2). 
The duralumin has an elastic limit of 7.5·107 N/m2 and a traction limit of 8.5·107 N/m2. We use 




Now we can calculate the Von Mises stress, as it is the minimum stress of 55823,4 N/m2 at 





 TEST BENCH FOR PRESSURE SWITCH           Page 77 
 
 
Figure [5.8] _ Displacement in colours 
As we can see, in this case, we do not surpass the elastic limit, even though we have a 
smaller range (75·106 N/m2 > 68.2383·106 N/m2). As this stress is only applied in the edges 
and having known that 24 bars will not be used, we see correct this design without adding the 
safety factor. As shown in figure 9.8, if we apply a safety factor of 2, the corners where the 
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Figure [5.9] _ Displacement in colours 
We also can see the maximum deformation that this element will suffer if this stress is applied 





The maximum displacement shown in Figure [5.9] is on the edges of the plate and has a value 
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6. Summary Budget 
You can find below the summary of the final Machine budget, divided in different parts depending on 
each cost:  
 
COSTS FOR PARTS Cost (€) 
Cost of mechanical elements 15.142,71 
Cost of pneumatics elements 11.150,41 
Cost of electric elements 1.616,63 
Cost of programming 7.782,14 
Cost of design 10.240,00 
Total Project Cost 45.931,89 
  
Supplement for unforeseen changes and additions (%) 15% 
TOTAL COST OF THE PROJECT 52.821,67 € 
 
In the last section BUDGET, you can find all the details of project costs, both parties indicated in the 
table above (Table [6.1]) and the list of parts to manufacture or buy items (with its references and 
suppliers) and all the hours of assembly and manufacturing. 
Table [6.1] _ Table of final budget 




We could design a simple and effective test bench to check and regulate the pressure switches (it has 
been added other types). 
As demonstrated before, the machine meets all the objectives and requirements of the production 
department and others that participated in the brainstorming. It is capable of checking and regulating 
while detecting parts OK or not OK, check that the height of the thread is correct and perform a leak 
test (although the devices do not use leak testers). 
The cycle time and the lack of precision have been improved exponentially. Human error has been 
reduced to the maximum and the new test bench would be able to collect production data and 
research, store it in a database that can be used to study these values. 
It has also been demonstrated that the process is not only faster than the current machine, it is also 
cheaper, enabling rapid amortization. 
The improvements proposed by the different departments have been carried out at 100%, keeping the 
strengths of the current machine. 
The new test bench meets all the regulations and is a safe and ergonomic machine. This makes it 
possible to have a simple design, intuitive for the operator, also making it a machine that can evolve, 
change and easily adapt to new designs. 
Personally I have achieved new knowledge in areas such as industrial pneumatics, hydraulics, 
machine safety, electricity and especially in designing. 
It was not an easy project, I devoted a lot, and there are many hours of work, as it has been necessary 
training courses, about machine safety or hydraulics to carry out the development of this design. 
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I also thank my family and my partner, especially my mother for correcting me and give me her support 
while writing and rehearsals. Of course, I also thank both companies for their help in correcting my 
English translation of this project. 
Finally, I want to mention my tutor, Montserrat Carbonell, for the dedication and commitment when she 
gave me advice as it is not easy to manage and edit a project commissioned by another company or 
organization. 




AENOR [online]. REGULATIONS [consulted at: May 2015]. Available at: 
http://www.aenor.es/aenor/inicio/home/home.asp 
BOE [online]. PREVENTION OF OCCUPATIONAL HAZARDS [consulted at: May 2015]. 
Available at: 
http://boe.es/legislacion/codigos/codigo.php?id=037_Prevencion_de_riesgos_laborales&modo=1 
FAE [online]. PRESSURE SWITCH [consulted at: February 2015]. Available at: 
http://www.fae.es/en/products/oil-pressure-switch 
FAE [online]. REVERSING LIGHT SWITCH SWITCH [consulted at: February 2015]. Available 
at: http://www.fae.es/en/products/reversing-light-switch 
FESTO [online]. ADN CYLINDER [consulted at: February 2015]. Available at: 
http://www.festo.com/cat/en-gb_gb/data/doc_engb/PDF/EN/ADN_EN.PDF 
FESTO [online]. ADVUL CYLINDER [consulted at: February 2015]. Available at: 
http://www.festo.com/cat/en-gb_gb/data/doc_engb/PDF/EN/ADVUL_EN.PDF 
FESTO [online]. CPE VALVES [consulted at: February 2015]. Available at: 
http://www.festo.com/cat/en-gb_gb/data/doc_engb/PDF/EN/CPE-G_EN.PDF  
FLUID FORCE [online]. MULTIPLIER [consulted at: February 2015]. Available at: 
http://www.fluidforce.it/pdf/53%20Booster%2008_en2.pdf 
LEGRIS [online]. NEUMATIC / HIDRULIC COMPONENTS  [consulted at: February 2015]. 
Available at:  http://www.parkerlegris.com/cat/es/#/12/ 
MACHINE SAFETY [online]. REGULATIONS [consulted at: May 2015]. Available at: 
http://www.anmopyc.es/departamento_tecnico/legislacion_comunitaria_comercializacion/seguridad_de
_las_maquinas 
MITUTOYO [online]. COMPARATOR  [consulted at: February 2015]. Available at: 
http://ecatalog.mitutoyo.com/Indicators-C1169.aspx 
NAIS PANASONIC [online]. FIBER OPTIC  [consulted at: February 2015]. Available at: 
https://www.panasonic-electric-works.com/eu/426.htm 
RS AMIDATA [online]. VARIOUS COMPONENTS [consulted at: February 2015]. Available at: 
http://es.rs-online.com/web/ 




SHCMERSAL [online]. SECURITY SENSOR  [consulted at: February 2015]. Available at: 
http://www.schmersal.net/cat?lang=en&produkt=g52733136ycq5paphms49473e3pl1t 
SCHNEIDER-ELECTRIC [online]. ELECTRIC MATERIAL [consulted at: February 2015]. 
Available at: http://www.schneider-electric.com/products/ww/en/ 
SMC [online]. UNIT COMBINATIONS [consulted at: February 2015]. Available at: 
https://www.smc.eu/portal_ssl/WebContent/digital_catalog_2/jsp/view_descriptions.jsp?dc_
product_id=14782 
SWAGELOK [online]. RACORDS [consulted at: February 2015]. Available at: 
http://www.swagelok.com/products.aspx 
TECNODIN [online]. VARIOUS COMPONENTS [consulted at: February 2015]. Available at: 
http://www.tecnodin.com/productos.html 
WIKA [online]. MENSOR CPC3000 [consulted at: February 2015]. Available at: 
http://www.wika.co.uk/cpc3000_en_co.WIKA 
WIKA [online]. MENSOR CPC6000 [consulted at: February 2015]. Available at: 
http://www.wika.co.uk/cpc6000_en_co.WIKA 
  
